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FERFORMANCE' TESTS OF WIRE STRAIN GAGES
III-—CALIBRATIONS AT HIGH TENSILE STRAINS

o ‘By William R Gampbell

SUMMARY

e

Results of calibrations in axial tension over the strein
range O to 0.03 are presented for 15 types of single element,
nultlstrand wire strain gages., The relatlion between change
in resistance and strain showed deviations from linearity to
a strain of about 0.01 which were of ‘the same order as the
deviations previously found in tensile calibrations at low
strains., At higher strains the curve of change in resistance
versus strain in many cases approached a straight line having
lower sLope ﬁhan the 1nitiql slope. Gages ‘failed by rupture
¢f the wWire qtrands‘in 58 percent of the calibratioéns. Meas—
urements for decreasing gtrain aftér an applied sfrain of 0.03
indicated hysteresis in all cases. The strains computed from
the measured changes in resistance of gages of types A, C-1,
D, and F,ueing the average celibration factors for low ten—
sile straigns, differed less than & percent from the measured
strains up to a strain of 0,03, ~ - T T o TmI—T

" INTRODUGTIQN

This report describes part of a series of performance
tests on wire strain ganges of types currently used in large
numbers to measure stresgses in aircraft structures. The pur—
pose of the tests is to make available information on the

properties, accuracy, and limitations of various multistrand,
single element gages. " e ' a

The performance test program has been divided into sev—
eral phases the results of which &are "being’ repof?ed 1“E£v1d—
ually. - The first. two' phases of the program."éaiiﬁrafion fac=
tdrs in tension and in cdmpression for low strains; have been
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reported in réf@rﬁﬁbes-l.amﬂ;aygpeqpectively. The present
paper reports on the third phase, calibrations under sxial
tension at strains between 0 and 0.030. The performance
tests that remain to be .made are to include mneasurements of
the effescts of temperature, humidity, finite gage width in
the proesence of transverse stress; and thickness and rigidity
of gage. ' L N ST - -

The performance tests on wire strain gages are being
conducted at the National Bureau of Standards under the
sponsorship of the National Advisory Committee for Asronau—
ties, o ' R '

. NOTATION
f,‘ - A TUILJﬁf . .l-.i._ ;;T. : ml* W. P:
b€ axlal gt?ain
hAe change in'axi#l sfraiﬁ '
Polsson's ratio -;  ":_‘ s ;I . . -
X calibration faétof of wire strain‘éagelfor uniaxial-.

stress producing a change, in strain "Ae. parallel
- to the zarge axis and a strain—pAe +transverse to tho

T : © gage axis . - : : . T

R . gage Tosigtance, ohms

‘AR’ . 'change in gage resistance due to ‘chamge in strain Ae,
.ohas ' e . ;
Knt average calibration factor X for eight gages of a
glven type at low topsilo. strains (Computed from
tablo 2 of roferonce 1 as the average of 16 factors,
8 for strain incroeasing and 8 for strain decroasing)

4 - e : B

. e en T APPARATUS AND MmTEOD - . L
h.hu:Dosbriptidﬁiﬁﬁ Strain Gages

P

Six aircraftwcompanieg,_EhehAmqs Adroﬁautical-L£bo£atory
of tﬁe-NkCA,.bho-Baldw;n Locamdtgvo:Works, and the Chrysler
Corporaticn-couatributed tost &agés of 15 differont typos (4,

B, C~1, 2,.%; ¥, ¢, H-1, I, J, K, L, M, ¥, 0) which.in ail
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but two camdesrarae identical with the. gage: ¥ypes reported in
reference 1. -With.the. excaeption of gage types ¢<~1 and H-1,
which were substituted by the makers for. gage types . C and EH,
table 1 of 'reference 'l gives 'a .description of the test gages
and figures 1 and 2 of reference 1 show the gages atbached
to test strips used in the calibrations at low tensile
strains. Data on gage type: CUxl are given in appendix 1 of
this report and data on gage type H-1 are given in appendix
1l of referoence 2. .

Attachmeﬁt of Gagoé

All gages were attached at the- Namtional.Bureauw of Siand—
ards to 18~ by l—= by 0.1l25-inch 245-T gluminum—alloy calibra-—
tion strips as ' shown in figure- 1. Sanples -of bonding cemsents
for: various gages were supplied by the makers .znd.all gagesg
were attached following the,maker's instructions. -All gagoes
were dried & minimum of 40 hours at room tLtemporature. No' - -

gages wore dried at elevatsd tomperaturee, and 1o £a 808 wWere .

L

waterproofod Co ... BT coEmpemrrl oreiRac. e e

- - -
P

r.Caiibratiéns
The-gagGS'ware calibra%ed by,meésufing changes 1n gage
resigtance AR ¢orrespoinding to kXnown changes in strain Ae,
The: talibraticn factor ,K .1s commonly dvfined as

B -ni-u“.:f_r AR 1 L
R I G R
Soor oy . o ROOE SLTL T Lot }~:ﬁ£}>

Phe changes iﬁ rosistaace AR wore. measurod for»stralna be~

tween 5.% 107 “Mand ‘300 X 1674, Tho iower sfraia Iimit cor-f"

rospondeﬁ (Y thoiinitial load used to aline the test’ strip

in tho. tosting maehine., The upper strain limit of 300 ¥ 10~*

was tho max;mum strain that. could be odbtained, without 'n )
resots, .with the’ Tugkorman gstrain gago ‘used to measufo ealis i

brating strains.” An upper limit of 300 x 10-4 'was “donsid~ - |

orod adequate gince it is equal to soveral t;mos the yiold

strain of .metals uscd, in’ aircraft o . ".:,“- ‘
1% should be noted tpat the. caliﬁration factor defined}

by equation. (1}). Tehaing ccnstang only as long as‘Poisson's:

ratio remainsg, constant.; Since

alloy. changes. from Babout’ O 3 An the elasﬁic rangé to abouf

oigson's ratio for aluminum B
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0.5 .in the: plastic range, there will he a corresponding change
in calditration factor. It is shown 4n appsndixi2 that “this . -
chargo in calibration factor is. .of -the order of ~0,01 or —0.6
percent for a gagoe.-havimg & ealibratidn factars of 2.00, :
Strain Measurements-: T .o . f”--"'

L e soard Ll e e LE L N . N
d

S L

The calibrating strain applied to each wiro gage we. 8!
measured with a Tuckerman optical strain gage having a 1.0~
inch lozenge and & 2-inch gage length (fig. 1).

Re51stance Measurements S
* The method of measuring nesistance changes at large ten—f
sile dtrains had to be changmifrom ‘that usc¢cd for calibratlons -
at low teshsile strains (zeference 1), where an cxceptionally
accurato ratlo svt and.a - -gensitive galvanometer wero used.
At large tensilo .strains there was a likelihood of rupturo of-
gage wires during calibration, leadling to oxcossive galvanomn—
eter curront and probable damago to the galvenometer suspon—
sion. PFurthermore, the range of resistance changes to be
measured was in all cases greater than the range provided for
in the ratio set. These two difficulties were overcome,
without 0o 'much sacrifice in 'mcecuracy, by measuring the:
change -in's'esistance  with a Rubicon resistance decade box Inr-
an alternating -current Wheatstone bridge, and using a cathode s
ray oscillograph as null indicator. The decade box provided
an adequate range of '‘change in resistance and the cathode
ray oscinlograph provided an-irdicator that was not damaged
by a sudden open circult in one arm of the bridge.

‘A diagram of the Wheatstone bridge -amd indicating cir~
cult used for .the calibrations is shown in figure .R. The
Al of tqQ h:iage rapresents “the. callur&ting arm and in—
cludes the test gage; the 'B—arm’ ropresents ‘the compensating
arm and :ncludes & dummy gage of’ the ‘eanag type as tho tost
gage. . Insgrted fq the A and B afms in soriés wi#h ﬁost gago__
and the dumny gego were two Rublcoﬁ rCSlstanco decado boxes
¢ end D. Decads C, in sorics with tho tegt- gage. ‘was uged
to measure both gage resistanqe R-and changé-in gago- r091st-
ance AR due to applisd strain. “The quantity —AR was:
measured as. the change in.rosistgnge .of c requlred to rostore
balanqe aftor &pplylng a. known chango in étrain tq ‘the tost
8880, . Qho arms and F,of tho . brldgg roprescnt the two
1000%50hm arme oi & Campboll—Shackelton Shielded a=¢ ratio
box (reéfércnce 3). MRS F4ti0'box his & nominally fixod ratilo
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between the two arms B and F of 1l:1l and incorporates con—
trols for emall adjustments in both resistive and reactivo
balance . components. The box is thoroughly shiclded and for
any given setting provides a stable ratio which is negligi-
bly affected by stray electrostatic f‘elds. Reactive bal~"T'
ance of the complete bridge AB7F wds maintained within thd ¥
adjustable range of the ratio box by meking the arms A and
B as near as possible electrically sjmmet*ical AT~,4_
- K R s

. The input signal to the bridge was suppllod by aﬂ'huavo
oscillator delivering approximitely 2 volts at 1500 cBbs " TEHe
bridge Qutput due to r551stivb or reactive unbalance- wa§ T
amplzfied and fllterea with 'a lSOO—cps band~pass filtér, aad
ths filtored signal. was 1mpressed on the horizontal plates of°
a2 v—incn cathode.ray oscillograph. Ampli:ier and oscillo-
graph gains were. adjusted to provide a ﬁr:&ge sonsit1v1ty '
equal to the 1east count of the Tuckermaﬁ “Etrdin gag o, -1
that o change in strain at the tost gasdYof"5 %71G-6 pro<r.:
duccd a readily.detegt:ple oscillograph Qoflectlon. The
1ahﬁrator setln, for resistance measufements 13 shown iin

figllre 3 e U ' .' * [l Pt - o . ¥ 1 | |.- " !—.- "’V""
. . . .- :r.t l"ﬂ - - N 2 T v . | o C _. + ’.:;,::._:_:;'.!_
- Th@ maximumrﬁotal cﬁange in resis%ance AR anﬁioipato&

a®: the tesk. - 8agP during callbrations was estlmatod-for theo o
PUTrPOES.,- of grcv1din§ ranao on decadé T by solvwng ééﬁatibn b
419 for.,AR,,,: - g T

’ . LR W SRS B I X 2 TN lyai“f&*::m‘ = Fely
e TR 'ﬁfauc;cum-wqi- tgs sy
oL v wo ¥F. - oL v

L UUAR EER(AEY 0T LT Brezed wllaq8)uz

g .
P e N -« 4 : \,- R W L&
S C\'l- S J i Sl S LA__JJ.-‘.-. .

'=.and substltuting tha maximum values; thoso Tor’ gaFc" type»'::

N:R =-500:0hmg, K = 3,5} , 2nd the maximum stradn desiro&

S

¢ = pe.=.,0,08,- g1v1ng, , R

4?;
{

e e :»fi}mﬁ -
’ AR =305 % 500 x 0.05" Aoty Loewen
13 - . . Iij_‘:, -_..:(.3).:.
= 523.5 ohnms LA La0d .-
Tl s £ ..!,,:.‘,_.-._..

The anticipatecd change 'in resistance AR for o Fhredn ofiu
Q.08 was .calculated for cach gage as in ogquations (2) and
(3) and dividod into convenicnt increments whieh could bo
sucdcessively subtracted from the initial resistancs set on
decade . Thase .increments were used to unbalance the ¥
bridge by known‘pmounts "—AR., Balance Wod resforcd by
stna;ning thg "tost gage: in tonsion 'f¥o. produce sy rogistangq .
hqhange_ +AR:whrch 1ncreased the reogistance *df shhe A—arn to-

1%3 1nitia1 Taluo.f SRS | I““T PRLLK & s"n¥'rfiﬁféa.r'

3 . -
LT e ‘l";’_,:_'_'.‘_" P Y i SO

o gy Xa
S L7

Rk T
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~ TEST PROGEDURE .

Two gages-of each type were calibrated, and.if one or
both of -those gages failoed at a sirain less than 0.03, =
third gage was calibrated. .

Tho same test procedure was followed in calibrating all
gages., The calibration strip G (fig. 4) with one wire strain
gage attached was mounted in Templin grips in a 60,000-pound
testing machine under an initial load of 200 to 500 pounds.
The Tuckerman strain gage H was_ ‘mounted on the strip so as
to span the wire gage .and, when clearances permitted, con~
tact, the strip at points squidistant from the transverse
conter line of thoe wire ~gago grid. A second calibration
strip J, upon which was attached a dummy gage of the samo
type as the test gage, was clamped at ong ond in a grip
suspendod from the Jupper head of the testing machine.

With decade D (flg; 2), in seriocs with the. dummy gaga,
set at 75,0 ohms (552.5 ohms), the bridge was balanged by
adjusting docade C first with the leads tc the tost gage
disconnccted and shorted and then again with the.tost gage
conngobod. " On- this balance bhe initial load qn. the calibra—
tion ‘strip whe’ adjustsd to bring the bridge to exact balance,
The differencs between the two settlngs of decade 0 was
taken as the resistance R of the test gage. With the bridge
initially balanced, the procegdure for calibration was sinm—
ilar %o that described in riferences 1 and 2. Known resist—
ance changes were solt on the disls of decads ¢ in the A-arm
of thebridges the load on the. callbratzon strip was increasgoed
unt1l thé change 'in resistance of the wire gage rohalancad-
tho bridge; and the strain at the instant of balance was
meagured with tho Tuckerman strain gaga.. The load was in-
creasgd until the strain at the gagé was 0.03, after which
the load was reduced to about 500 pounds and AR/R and
gtraln were measured again to determins the. accuracy of the
wire . gage in measuring permanent sot

Tha-g?orng ‘strain ‘rate during.qa;;brétions,was of thq'
order of—3 x 1074 per minute. Botween readings the straiﬁ'
rate was sbout 5 x 10-%, while during readings ‘the rate was.

nearsr 1 X 10_4. Reactive balance of ‘the bridge was main-
talned by aﬁjﬁsting the varianble condengar of the ratlio box
to obtain a minimum oscillograph deflection .immediately fol-
lowing the minimum deflection or "dip" produced by the chang-—
ing gage resistance.

=1
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oo ?‘AGCURAGY o A

S e arwil o tenafe
Tho accuracy of the calibrations 1s &imited by ths |
errors’ in the méasurements:  of ghgo rosistahce R, change«in.-
resistance AR, and change in strain Ae. . _— R
- The fecades resistancé box used for measuring both TR
and AR was guarantesd: by. the makers-to have a maximum:
error not greater than *0.l percoent for resistances greater
than“1l ohm. The resistancesof the O.l—ohm coils wers guar—
anteed to be within +0.25 percent of their nominal values;
Calivdration of tho decade for changes in resistance showed
the comblined errors duec %to variations in switch resistance
and to deviations of the O0.l—ohm coils from their nominal
valucs to be less than 0.001 ohm, or 1 percent of the small-~
68t increment of tho résistanco: box. It was estimated that
the limiting orror in the measurcment of AR/R was thero-—
fore of the order of 0.3 percent for changes in re51stanco
greater than 1 ohm..”, . . L T
The error in  the measurement of chanao in strain ig due
almost entirely %o nonuniform vielding 6f the’ calibration
strip within the Tuckermian gage 1ength. A survey: nade on a
strip with %wo l-inech Luckerman geges’ OR a&jaoont gago lengths
showed that the average” sﬁraina for the two’ gage longths dif-
fered by as nmuch as %1 porcent for straias greater than O, Ol,
The ﬂlfferonce betwoeen the average strain ovel “the” grid of’
the wire gage ‘and the averago strain moashrod by “the 2-inch™’
Tuckerman gage during cidlibrations.was assumod 19 be of the
game order (+1 porcent). The accepted accuracy of’ the’
Tuckerman gage itself is +0.1 percent, which contributes con—
siderably lsss error %than thaﬁ due to nonuntform yielding
of the test strip. - e S T e
- . e Ve gt SF g T
Gombining the errors in the measuremants*of both resish
gnce and strain, it was estimated that the  tobal’ Brrpr 1n
the measured deviations was less’ than 1. 5 percont

fizEsU'L‘T‘.s" | .

Galibrations were made on 43 gages, of which 25 gages,"
or ‘58 Derednt), failed prior to sustaining a:strain’ of 0,03.
No attempt was made tO detormine calibration factors for the.
whole range of straln in view of the large nonlinearities
found in most callbrations at high tensile strains. It
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geemed more useful to compare applied strains wiith strains -
indicated by the wire gages using calibration factors deter—
nined at relatively low tensile strains, Such a comparison

would bring ou% dlrectly the errors involved in basing straln _
measurenente heyond the elastic range on calibratlons inside _ .
the elastic range.:’ i i

Tatle 1 gives the average calibration factors in tension
Kmg for each type of gage at low tensile gtrains,
€ = 0¢.002, The value of X is tho averages. of the 16
- max . mt
factors given for each gage type in table 2 of referonce 1.
Indicated strains were computed by substituting the neasured
values ¢f AR/R ‘and X = Kmt in

. e -

" indicated strain = —E- éﬁ.. (4)
X B
mt

Table 2 gives tho strains at which the indicated strain dif-

ferod from the applicd strain, as measurod by the Tuckorman

gage, by 2, 5, and +10 porcont of the appliod strain. Tho
difforonco betwoen tho .permanent set in the calibration strip . -
as doterminod. by the Tuckerman gage and that indicated by the

wire gages using squation (4) is given in table 2 as a per—

centage of tho sot strain measured by the Tuckerman gage. -
Set roadings were obtained on only those gagos which sus-—

tained the maximum calibrating strain of 0.03. Table 2 also

gives the meximum strain applied to each gage and the type

of fallure. _

Galibration curves AR/R versus ¢ and deviation
curves AR/R  versus ¢ - (AR/R)/K,: are given in figures

5 to 19. Tho deviation curves indicate the nature of non—
lincarities in the calibration curves by nagnifying tho de~

viation of the indicatod straine from those given by a .

straight line through the origin with slope Knt+ Depar— -
ture of the calibration factors from the averaga, Eng, for

low strains is indicated by the slope of the deviation

curve relative to the vertical axis. A factor lower than -
Kng 1= indlcated by a slops to the right, and a factor

groater vhan Kpiy by a slope to the loft. Hysteresis is

indicated by a displacemont of the "sot" point to the right
of the romaindor of the calibr tion curve and tho doviation —

g ‘I
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«iott. - DISCUSSION

The calibrations at higﬁ'teﬁélle'etfains; just as those

at low straips reported in references 1 and 2, have several
characteristics which, in varying degrees, are common to all
the gages tested. Inspection of the curves of figures 5 %o
19 shows that in- every callbration the calibration factor
dscreased for increasing sirains as indicated by deviations
to the right of.the vertical axis. The mlnlmum reduction in
factor at high strains was, observed with gasge type D, which
shoved 'the average calibration factbor for strains between
0.01 and 0.03 to:bs about 2 percent lower than the average
factor Kmt “at low strains. Gages of types A, C-1, D, and

F were observed to have reductions of about B percent or
less. : -

Zxamination of the data for low strains in figures § to
19 showed good agreement with the deviation curves for low
strains in reference 1. The deviation curves showed congid-
erable nonlinearity at strains betwocn 0.0025 and 0.006. In
mgny cases there was an improveoment in lingarity, with a
reoduced calibration factor, at strains greater than 0.01.

Tabulation of the number of gage fallures occcurring in
the calibrations showed that 25 gages out of 43 or 58 per—
cent failed before reachlng a strain of 0.03. Failure was
caused by parting of the strawn—sensitzve wire at or within
about 0.05 inch of an internal solder jéint in 84 percent of
the cases. The remaining failures involved breaks in the
leading wire strand at points more than 0.05 inch from the
solder joint. In view of the high percentage .-of failures
near the soldered joints, it scoms desirable that gages for
measuring high strains be designed Tfor attachment without
cementing the soldered Jjoints. Gages of type C-1 (fig. 20)
were so designed, and all of them sustained the maximum
strain of 0,03 without failurec. Breaking of the strain-
sensitivo wire was, in most cases, precedcd by a sharp in-—
eroasc in AR/R for small changes in strain, as bost illus-—
trated in figures 10, 15, and 19. The doeviation curve under
this condition shows cxtremely large deviations to the left
(negative) since the second torm (AR/R)/dmt' in the expros-—

sion for the deviation € — (AR/R)/Kmt' rdpidly excesds the ~

calibrating strain € due to the increase in AR/R. In
only two cascs (figs. 14 and 19), both of which involved a
fast—drying, celluloid—ethyl acetate cement, was fallure of
the wire preceded by a decrease in AR/R indicating a
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'-::‘-""":-'. :"; T =
failure of the bonding cement to transfer strain; Because of -
this, (AR/R)/Kmt becomes smaller than € and the doviation S
curve is deflected to the right. =

Examination of figures 5, 7, 8, 10, 13, 14, and 17 shows
that the "set" point was, in every case, on the right side of
the curve, indlicating a certain amount of hystereeis in the
gages., The dotted line connecting the point for the highest
strain with the "got" point was ncearly vortical on the devi-
ation curves. It mey be concluded that the strain 1lndicated
by the wire gages for decreasing strain can be computod with
the calibration factor for low straln oeven after subjocting
the gages t0 tonsile straine as high as 0.083. Thie conclu~—
sion may be expressed in another way by saying that the orxor
in tho measurement of poermanent sot ig caused principally by
doviations of the calibration factor from the valus Kpy, for

increasing strain. Table 2 showsa that the minimum error of
1 porcent in the measureumont of set strain was obtained with
a gago of type D. : _ : : -

COdCLUSIOHS

Thoe .doviation curves ‘showod coagideradble nonlincarity
at strains- betwoen 0:0025 and 0,006, In many cases thore -
was an inprovement. in lincarity with reduced calidbration
factor at strains-grester than 0.01l. The calidbration facter
for decreasing strain. wasg nearly equal to that for low . ) . o
straine dven after subjecting the gage to tensilo strains
as high &8 0.03. Fifty—~eight percent of the mages failled
by breaking of the strain-sensitive wire at strains less .
than 0.03. o s ' ' o

Tho strain indicated by gagos of types A, C-1, D, and F,
using the calibratilon factors for small sitrains, differod
less than 5 poercent from tho applied strains for sgtrains .up
to 0,08, T

Natlional Bureau of Standards, : : . ;
Washington, D. C., March 5, 1945, _ e L R,
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APPENDIX 1
DESCRIPTION OF GAGE (=1

Gage C—1 was substituted by the makor for gage typeo C.
Gage C—1 (fig. 20) is intended for use in measuring large
strains and differs from . gage ¢ in that the intornal soldor
connections %o the strain—sonsitive wire grid are furthor
removed from the grid than in gage €. Only the grid and a
short length of the loading or ouwtside wire strands are
cemlcnted to the structure, leaving the gage arca in the
vicinlty of the solder joints uncemented. The gage has a
slightly higher resistance than gage ¢ due to thoe additional
length of strain—sensitive wire,and a somewhat lower cali-
bration factor than gage 0 bcocause the uncumented wire doos
not contribute to the output of the gagé. The following
data on gage C-~1 arc given to. supplement table 1 of refor-—
ence 1 on "Description of Gagos.!

Gagé -|* -Nomihal' .| Approximeate " Wire- | Cement Type of | Nominal
type dnmen81ons | length of | material : winding | resistance
. irid. - 1. . - ' . A . N Co
-~ Length'Wldth . ' R g
(in, )| (in.) (ine) (ohms)
c-1 2.3 |0.04 1.00 | =#miw~i==| Duco | Grid 95

e apee APPENDIX 2 T o e

CEANGE TN CALIBRATION FACTOR WITH CHANGE IV Poigsoﬁ{s*ﬁgwfo-

f e e

The calibration factor definad by equatlon (l) is con~ .,
stant only &s: long as- Poisson s . ratio remains cdnstant The
calibration factor <K "'is related to Poisson!s ratic by

where
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KL longitudinal-sensifivity of wire gago for zoro %rans-— -
vorsc strain

Kp transverse ednsitivity of wiro gago for ZoT O lonsitu—
dinal sitirain - B
.Tho change in -K . for a change .in u equal to o is

e MK = -KT'Au T i ~(8)

Assuming 0,05 as a reasonable value fd?*'KT, the chaﬂge in

calibration factor AKX for a change in Poisson's ratio of
0.2 is given by (6) as, : S L . R

LK

il

-n.058 (0.2)

-0 ,01L

Py A mesme o

Equation (7) indlcates that, due to the change in Poisson's

ratio from 0.3 in the elastlc range to about 0.5 in the .

plastic. range, the caiibratlon factor may ‘bo. expected %o

docrcaso about 0.01 or O 5 poruent for a gago havlng a cali—m” N
bration factor of 2.00. . . o o
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TABLE 1,- AVERAGE CALIRRATION FACTORS FOR

LOW TENSILE STRAINS (e, _ = 0.002)

Gage Kmt Gaze Kmt
trpe type

A 82,027 1 &2,149
B &2.083 J 22.088
G—1 Pi.90 K 82,170
D 23,058 L 83,2453
B 82.104 M &1.980
F a2,03%7 i 23,480
G 82.314 0 82,086
H-1 €1,990

acomputed from table 2 of reference 1 as the averzge

of 16 calibration factors for each type of gage.

b

ue given for

Cilc low—strain tensile calibrations werc obtained on
gage H-1l, Owing to gocod agreement betwsen the averago
toension and average compression calibration factors for
most gages at low strains, the average low strain compreos—
is used herae. '

sion factor K

B¢

To low—strain tensile calibrations
gage 0-1, a special gage
o (1.90}
slope of the calibration
strain approasches =zero.

were obtained on
for use at hizh strains. The val-

is the ostimagted average limiting
curves given in fig, 7 as the
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TABLY 3.- RESULTS OF TESTS
Gage Gage Maximum strains® at which gage | Maximum Error in set measurement®| Remarks
type | nurber 1s in error by less than strain ag percentage on
+3 percent %5 percent *10 percent| applied of set strain failure
e x 104 € x 10% €x10% | exi0* percent
A 1 38 > 300 — 301 8 ] - -
3 135 > 300 ——— 308 § 0000 | e-ee- —_—
B 1 16 53 > 103 102 | 000 e - b
3 39 70 178 843 | 0 meeae- - )
3 44 85 > 180 190 | 0000 eeee- -— b
c-1 1 45 393 > 303 303 7 ————
3 - 50 > 309 — 389 5 —————
3 66 > 389 —— 301 5 ————
D 1 860 > 308 — 308 3 —————
3 80 > 310 —— 310 1 ————
E 1 54 108 > 113 113 ————— -]
3 a5 76 > 76 % | eemm———— o
3 13 26 92 2304 —— b
r 1 < 13 313 213 313 ———— (o)
3 - 13 64 > 307 307 8 —————
3 13 84 > 308 308 5 ———
G 1 —— ——— < 13 83 ———— o
3 < 13 13 30 108 - [
3 < 13 12 47 73 ————— ")
B-1 1 35 73 130 325 ————— o
3 13 33 84 83 ——— o
3 26 77 > 106 106 ——— [
I 1 35 80 330 304 13 —————
3 36 98 > 309 3098 i3 ——————
3 25 6l 371 398 13 -———————
J 1 38 383 > 310 310 7 —
2 36 250 > 352 352 —— soz .
'3 33 2320 340 266 ———— (c),(a)
4 1 30 50 154 318 —————— °
2 30 6l 1856 396 ———— -]
3 28 30 1656 188 ——— °
L 1 33 46 70 301 a7 —————
3. 23 35 83 313 30 ————
3 40 66 81 310 a8 —————mt
¥ 1 < 15 <15 53 241 —— (c)
8 < 16 38 69 309 31 ———
3 < 15 386 89 208 20 —————
¥ 1 54 70 100 131 ————— -]
3 54 70 100 113 ———— c
3 64 70 100 103 —— °
0 1 15 > 287 —-—— 287 ————— [
3 15 244 2468 348 | mmmmeea 6
3 15 185 > 241 241 ————— (c),(a)

®strain irdicated by wire gage = (AR/R)/Ky,.
Ppreak in leading wire strand (edge of grid) 0.05 in. or more from solder joint.
®Break in leading wire strand at or within 0.05 in. of solder joint.

9%vidence of .failure in cement.
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Figure.l.- Locatlon of wire é%rain gage on calibration strip and
position of Tuckerman gage during callbrations.
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Figure 2.~ Oircuit for resistance measurements. Reslistance de-
cade O was used to provide known changes - AR which
were in turn compensated by changes +AR at the test gage by

changes in calibrating strain Ac.
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